INTRODUCTION
Nowadays, the design of systems for solar concentration makes extensive use of secondary optics that collect light from a primary optics and re-concentrate it on the receiver [1] [2] [3] [4] [5] [6] . This happens both for Concentrated Solar Power (CSP) and Concentrating Photovoltaics (CPY). The main advantage of the use of a secondary optics is that a higher concentration factor is achievable with respect to a single stage system, for the same size of the primary optics. This allows, in the CSP case, to reach higher temperatures, and in the CPY case, to reduce the size of the photovoltaic (PY) cell, for the same output electrical power, thus considerably decreasing the costs. A second advantage, especially useful in the CPY case, is to enhance the uniformity of illumination on the receiver.
The sunlight concentrated by the primary optics usually reaches power densities of the order of some tens of kilowatt per square meter or more. Therefore, the secondary concentrator must withstand a long-time solar exposure at high power densities. This can be a serious problem for the material used for its realization. The principal concern for the designer is related to the behavior of the material in working conditions. Every structural modification on the material affects its optical properties and, by consequence, the performance of the whole system. Typically the optical laboratory tests, which involve checks on the optical properties of the material, and on the degree of resistance to mechanical and chemical stresses, do not investigate this aspect. Outdoor tests are usually related to the resistance of the material to atmospheric agents. The endurance of the material in working conditions can be experimented by suitable field tests, which consist in exposures at concentrated sunlight for a long time, possibly under controlled conditions. The Solar Collector Laboratory within the National Institute of Optics has developed and realized a setup to perform field tests on materials for solar concentration. It employs a large Fresnel lens to concentrate the sunlight, mounted on a dual-axis solar tracker. This setup has two main advantages. The first one is compactness, which allows to test samples on laboratory scale. The second one is versatility, since it is possible to change the power density incident on the sample by simply change its distance from the lens focal plane, thus testing the sample in different conditions. It was verified that with this lens, in clear sky conditions, it is possible to achieve solar power densities greater than 80 kW/m 2 in positions close to the lens focus, considering a spectral band from ultraviolet to near-infrared. This paper presents the study on three samples of two different materials, which are possible candidates for the construction of secondary reflectors for a solar furnace. Two samples, named sample A and sample B, are sections of the same mirror, which is made of a ceramic substrate with an aluminum layer; a 3 mm thick glass frame protects the aluminum layer on the front side of the mirror. The third, named sample C, is a sample of Alanod MIROSUN Ba ckside Laquered 90®, a commercial aluminum based material specific for solar applications.
The three samples were exposed to concentrated sunlight at different values of power density. During exposures, the surface temperature of the samples was measured. The main purpose of such tests was to verify the samples endurance at working conditions, be means of exposing them for a given number of hours to a power density equal to that predicted by the project. Secondly, we tried to establish the existence of a damage threshold, in terms of solar power density or temperature, in the limits of the achievable values, above which the materials can undergo structural alteration or significant decay of their optical performances. The latter were monitored by performing periodic reflectance measurements. During the experiment, no treatments were performed on the samples; in this way the measurements revealed the natural degradation of their optical performances, due to sunlight exposure and to dust accumulation on the surface. The test were performed at a Latitude of 430 North (of Florence, Italy) during the months of April -September 2012.
II. MEASUREMENT DESCRIPTION

A. Description of the solar tracker
Daily tracking of the sun was perfonned with the system present in our laboratory. Its main components are the tracker, the solar pointer, the concentrating lens and the sample mounting.
The solar tracker has two degrees of freedom. Dual axis tracking is necessary to concentrate sunlight on a point focus, in contrast to linear concentrators, like Parabolic Trough Collectors (PTC), which are used to obtain a line focus and which thus require to track the sun only in one direction. The fIrst axis is aligned with the local North-South direction. The rotation around this axis provides the daily tracking. The other axis is normal to the primary axis, and is used to take into account the differences in sun position during the day.
Computer controlled daily tracking is performed by a dedicated Labview software in two modes of operation. Manual mode is used to move the tracker alternatively in both directions to perform a preliminary coarse pointing. Fine positioning and precise sun tracking are perfonned in automatic mode using a pointing sensor developed in our laboratory [7] [8] . This device works as a pinhole camera: the sunlight enters through the pinhole and illuminates the detector. The distance between pinhole and detector detennines the sensor Field of View. The angular resolution of the sensor depends on detector dimensions, pinhole size and pinhole detector distance. The detector is a four-quadrant photodiode. The signals provided by each quadrant are elaborated to obtain the solar spot misalignment. A suitable algorithm determines the sun's image displacement over the surface of the sensor, and consequently moves the stepper-motors until the signal is equally distributed over the four quadrants. The sensor is mounted on a tip-tilt mounting stage to be aligned with the tracker.
A circular Fresnel lens, with a diameter of 47 cm and an f number of about I, was used to concentrate the sunlight in all fIeld tests. This lens generates a luminous spot with approximate rectangular shape.
The sample is mounted on a stage that allows to vary both the distance from the lens focal plane and the sample position with respect to the sun's spot. The distance between sample and lens focus determines the power density of sunlight incident on the sample: a displacement of the sample towards the focal point increases the power density.
B. Samples solar exposure
Since the aim of the experiment is to check the degradation of sample perfonnances during exposure to concentrated sunlight, we alternated sun exposure phases to reflectance measurements.
Once the tracker was aligned with the sun, we assessed the distance between sample and lens, in order to have the desired power density on the surface. We used a calibrated radiometer Ophir Nova, moving the sensor head along the lens axis and measuring the solar power incident on it. The wavelength range pertaining to our detector is about 200 -1100 nm. The ratio between the sunlight power and the active area of the sensor gives the power density. The sample holder is then moved in the correct position and the sample is placed in order to illuminate the central region. The concentrating lens provides an almost rectangular light spot near its focal point. In the range of lens-sample distances of our tests, the average size of the spot is 6x6.5 cm, with a variation of ±l cm depending on the distance from the focus. Usually, a daily exposure lasted from 3 to 7 hours, depending on weather conditions. The sample temperature was monitored by a thermocouple applied on the sample back face, in correspondence of the illuminated area.
C. Measurements of reflectance
Measures of reflectance as a function of wavelength were performed with daily frequency using two spectrophotometers.
The spectral range of the measurements extends from 250 nm to 2500 nm.
We performed a preliminary measure on the three samples before the sun exposure phases, which was used as reference for the successive measurements.
III. RESULTS
A. Sample A Sample A was exposed to a fIxed solar power density of 20 kW/m 2 (corresponding to the value predicted for the secondary mirror in normal operation) for 80 hours in total. The aim was to verify sample endurance in working conditions. 
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Only specular reflectance was measured for this sample. Fig. 1 shows the temporal evolution of specular reflectance as a function of wavelength. The "baseline" data series refers to the measure performed previously to the sun exposure. The other two series refer to half-time of exposure (40 hours) and total exposure time (80 hours).
As one can observe, there are not considerable variations in reflectance, which maintains values within 2% of fluctuation with respect to the initial value. There are neither visible signs of damage at a visual examination, nor alterations of the reflecting layer at the end of the 80 hours.
In clear sky and no wind conditions, the temperatures of the back face of the sample were generally between 50°C and 55°C. However the trend was very irregular, since it is strongly dependent from wind intensity. A sudden gust could bring to a reduction in surface temperature of 10-15°C in few seconds. In partially cloudy weather, temperature oscillated between 40°C and 50°C. Only in two occasions a surface temperature of 60°C was reached.
B. SampleB
The tests on sample B were characterized by a series of exposures at growing power density. The aim was to verify if a damage threshold could be reached for this type of mirror. The tests can be schematized in three sessions. We used the same sample for the three sessions to test its resistance to a long sun exposure. The fIrst session consisted in a series of brief exposures at increasing power density, to check if a damage at relatively low power densities was possible. The samples was exposed for 16 hours in total, at solar power densities growing from 25 to 60 kW 1m2. The second session consisted in a series of exposures at a constant power density of 60 kW 1m2, for 40 hours in total. Similarly, in the third session the sample was exposed for a total of 40 hours at a constant solar power density of 80 kW/m2. We performed measurements of reflectance after the end of each session, whose results are illustrated in Fig. 2 . 
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This sample was the only one of the three to suffer a structural failure. This occurred at the beginning of the last exposure, after about 90 hours. Failure was sudden and net, and affected only the glass layer. The aluminum layer has no visible signs of damage. The spectrophotometric measurements show no decrease in reflectance, as it can be seen in Fig. 2 . In these fIgures the "baseline" series, i.e. the curve acquired before starting exposures, was acquired only as specular reflectance. The other set of data refers to the measurements performed at the end of the three sessions. The hours of exposure are indicated in the legend for the three sessions, the total number of exposure hours is the sum of them.
The temperature of the mirror was very variable, mainly because of the windy climate. Even with the highest power density applied, very high temperatures could not be reached. Generally, the surface temperature ranged from 70°C to 100°C applying 60 kW/m2, and from 80°C to 110°C applying 80 kW/m2.
C. Sample C Sample C was exposed in sequence to three values of solar power density. Three test sessions were scheduled as follows:
• session 1: 60 hours of solar exposure at 20 kW 1m2; The results of the reflectance measurements are reported in Fig. 3 . As before, the "baseline" series is the curve acquired before starting the exposures, while the other series are the curves obtained at the end of the three sessions.
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The average surface temperatures ranged from 55°C to 60°C during session 1, from 58°C to 68°C during session 2, and from 55°C to 65°C during session 3. Even in this case the sample temperature had large and frequent oscillations, of the order of 20°C.
Comparing the surface temperatures measured on sample B and on sample C, two remarkable facts could be noted:
• for the same incident power density, the measured values for sample C are lower than the values for sample B;
• an increase of the power density seems to lead to an increase in temperature of sample B, but this effect is less evident in sample CA void combining SI and CGS units, such as current in amperes and magnetic fIeld in oersteds. This often leads to confusion because equations do not balance dimensionally. If you must use mixed units, clearly state the units for each quantity that you use in an equation.
D. Conclusions
Three samples of two different materials were optically analyzed as possible candidate for the construction of secondary reflectors for a solar furnace. The purpose was to test samples endurance at the working solar power density, monitoring optical features variations, evidencing possible damage thresholds, possibly related to measurable parameters (as exposure time or temperature). The experimentation included field tests with sun exposure and laboratory optical characterization. In the field test the samples (named A, B and C) were exposed to sunlight using a dual-axis solar tracker and a suitable Fresnel lens. Samples A and B were sections of the same glass mirror. Sample C was a multilayer mirror based on an aluminum substrate. The measured parameters were: temperature of the back side of the sample; solar power density concentrated on the sample; exposure time. For the optical characterization measurements of reflectance were systematically performed.
Generally, the tests revealed that the samples have not undergone significant decay in reflectance. For the glass-type mirrors (sample A and B), spectrophotometric measurements showed that the total reflectance is maintained substantially unchanged, while diffuse reflectance showed a little increment at the expense of specular reflectance. This is probably imputable at the dust accumulated on the surface rather than modification on the structure of the aluminum layer, given the relatively low temperatures reached. Even if the temperature is measured on the back face of the mirror, it is reasonable to think that the temperatures reached by the reflecting layer are of the same order of those measured on the surface.
For sample C, total and diffuse reflectance measurements showed the same results. Specular reflectance seems to exhibit a contradictory behavior, since the reflectance measured at the end of the solar exposures are generally located at higher values. These measurements, however, have a much larger uncertainty than those performed on the other samples. The surface of the sample C was quite irregular, probably because of the transport, so a measure of specular reflectance presents uncertainty due to the way the beam hits the sample and is reflected on the detector. This uncertainty is estimated in about 10% .
The sample temperature is the other important parameter of our interest, since a possible modification of the material structure is essentially a thermal effect, and thus it is directly correlated to the temperature. The measured values are probably not the maximum ones, since the reading is performed on the back surface of the sample. A direct measure of the temperature on the illuminated area of the sample was impossible, since the thermocouple probe would be directly exposed to the light concentrated by the lens, leading to an incorrect estimation of the temperature, and probably even to a damage of the probe itself.
In these tests we assumed that the solar flux remained constant for the whole daily exposure. So the measurement of the power density was performed only once, at the beginning of the solar exposure. A future improvement of the setup will consist in the installation of a pyro-heliometer, which will permit a real time reading of the direct component of solar flux, allowing to take into account any fluctuation due to the passage of clouds.
